Introduction
Chronic kidney disease (CKD) is common, affecting 13.1% of the United States (US) population; 26.3 million Americans are estimated to have stages 1-4 CKD [1] . Hypertension is closely associated with CKD; 70% of patients with an elevated serum creatinine (defined as ≥1.6 mg/dL for men and ≥1.4 mg/dL for women) have hypertension [2] , and 26.8% of patients with end-stage renal disease (ESRD) were deemed to have kidney failure as a result of hypertension by treating nephrologists [3] . Although high blood pressure is a major promoter of the decline in glomerular filtration rate (GFR) in diabetic and non-diabetic kidney disease [4] , only a small percentage of patients with hypertension will develop CKD [5] . Therefore being able to identify those hypertensive individuals at high risk for decline in kidney function early in the course of their disease process may help to guide their treatment.
Existing studies on the rate of decline in kidney function have been based on subjects in whom CKD (defined as GFR <60 mL/min/1.73 m 2 ) has already developed; little information is available on rates of decline in kidney function prior to the onset of CKD [6] , specifically in known hypertensive cohorts. In addition, many inferences have been drawn from post-hoc analyses of subjects enrolled in clinical trials, who may not be representative of patients encountered in routine clinical care.
Therefore, the objectives of the current study were to (i) identify predictors of incident CKD and (ii) to estimate rate of decline in kidney function in a racially and ethnically diverse hypertensive patient population with normal or near normal kidney function at baseline.
Methods

Subjects
The data source for the study was an electronic registry of patients with hypertension at Denver Health, a large safety-net community health system in Denver, Colorado, USA which provides integrated primary and specialty care and emergency medicine and acute hospital care for the socially disadvantaged, vulnerable population of Denver [7, 8] . The registry assembled information from patient registration files (age, sex, race/ethnicity, marital status and language), claims files (site, date, payer and diagnostic codes for all visits), laboratory files (dates and results of blood and urine tests) and pharmacy files. We have previously found that this method for identifying patients with hypertension (defined as blood pressure >130/80 mm Hg in diabetic patients or >140/90 mm Hg in patients without diabetes) has a sensitivity of 88% and a specificity of 78% [9] . For the current analysis, we excluded patients with missing information on gender, individuals with no contact with the Denver Health system after their hypertension diagnosis, individuals who were <21 years of age at the time of first visit for hypertension and individuals who received pregnancy-related care during the study time period (because of known physiologic changes in the serum creatinine during pregnancy). We also excluded patients with a baseline estimated glomerular filtration rate (eGFR) <60 or >200 mL/min/1.73 m 2 or who did not have two baseline eGFR values ≥ 60 mL/min/1.73 m 2 at least 1 month apart using the Modification of Diet in Renal Diseases (MDRD) prediction equation [10] . Thus, patients included in this analysis were required to have a minimum of three serum creatinine measurements for inclusion, the first two to establish the baseline eGFR and the third, at least 1 year after the index date in order to calculate the rate of change of eGFR over time.
Definitions
The index date for the study cohort was defined as the time of the first creatinine measurement after entry into the hypertension registry. We defined baseline comorbidities (diabetes, vascular disease, congestive heart failure, dyslipidemia, mental health conditions and substance abuse) using combinations of billing codes and laboratory values as previously described [9] . We defined vascular disease as a composite including coronary heart disease, peripheral vascular disease and cerebrovascular disease. The mental health diagnosis was comprised of individuals with depression, bipolar disorder and psychotic conditions. The substance abuse diagnosis combined alcohol dependence with illicit drug use or dependence. These comorbidities were counted as present at baseline if they were first recorded on visits prior to or up to 180 days after the index date. Estimated GFR was defined using the four-variable abbreviated MDRD study equation [10] . As only 37% of our study population had a payer source which would require them to fill their medications within the Denver Health system, we did not include concurrent prescribed medications in this analysis.
All creatinine measurements were performed on a Roche Hitachi Modular Analytics P model analyzer (Roche Diagnostics, Indianapolis, IN, USA) by the modified Jaffe reaction and were calibrated to the isotope dilution mass spectrometry (IDMS) traceable creatinine standard. All available creatinine measurements (both inpatient and outpatient) were included in the analysis. A second analysis including only creatinine measurements from outpatient visits was performed which demonstrated similar associations and is not reported here.
The primary outcome of interest, incident CKD, was defined using the National Kidney Foundation Disease Outcome Quality Initiative (NKF/ DOQI) definition of eGFR <60 mL/min/1.73 m 2 persisting for at least 3 months [10] . We operationalized this definition as a final eGFR <60 mL/min/1.73 m 2 with at least one other eGFR 3 months prior <60 mL/ min/1.73 m 2 and no intervening eGFR measurements ≥ 60 mL/min/1.73 m 2 . The secondary outcome was the rate of change in eGFR per 6-month time interval, defined as slope of the linear relationship between eGFR and time.
Statistical analyses
We compared baseline characteristics of those who developed CKD to those who did not using t tests or Wilcoxon rank sum tests for continuous variables and chi-square or Fisher exact tests for dichotomous or categorical predictors. We used stepwise multivariable logistic regression analysis to identify predictors of the primary outcome (development of incident CKD). Logistic regression was chosen over a Cox model due to (i) high variability of the timing and number of creatinine measurements for each patient and (ii) exact timing that participants reached the renal endpoint of CKD could not be established. Covariates were considered candidates for inclusion in the model if the P value on bivariate testing was <0.25. To derive the final model, variables were excluded using backwards elimination until all P values were <0.25. Model discrimination was assessed with the c-statistic, and model calibration was assessed with the Hosmer-Lemeshow statistic.
We used general linear mixed-effects models (random slope and random intercept) to estimate the rate of decline in eGFR and the degree to which the baseline covariates predicted eGFR. Prior to calculating eGFR, all creatinine measurements in each 6-month block were averaged to smooth high within-patient variability [11] . Non-physiologic eGFR values of >200 mL/ min/1.73 m 2 were set to a maximum value of 200 mL/min/1.73 m 2 for eGFR values after the baseline measurements for analyses examining rate of decline in eGFR [12] . Repeated measures within each patient were modeled as a linear time trend (growth curve) model. Time was coded into 6-month periods after baseline (e.g. if eGFR based on mean of creatinine measurements within the first 6 months, time = 0; if eGFR based on mean of creatinine measurements from 6 to 12 months, time = 1, etc.). All analyses were conducted with SAS Version 9.1 (SAS Institute, Cary, NC, USA).
Results
After excluding patients with <3 creatinine measurements, those with CKD at baseline or those who were in an indeterminate category (did not have both of their baseline eGFR measurements ≥60 mL/min/1.73 m 2 ) (Figure 1 ), a total of 10 420 patients with hypertension met our inclusion criteria. These individuals had a total of 134 983 creatinine measurements with a median of eight measurements [interquartile range (IQR) [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and with a mean period of observation of 3.73 years (range 1-6.94 years). For the rate of change analysis, after averaging the creatinine values in 6-month time intervals, the median number of measurements per patient was 5 (interquartile range 3-7) (data not shown). The mean time in the hypertension registry was 62.4 months, and the mean duration of follow-up after the first creatinine measurement was 44.7 months. We had self-re-ported income information for 68% of patients, who reported a median income of $7680 (IQR $4164-$12 992). Baseline characteristics of the whole cohort are shown in Table 1 .
As shown in Table 2 , 429 patients (4.1% of the study cohort) developed CKD. The results of the logistic regression for risk of incident CKD are shown in Table 3 . Age (OR 1.13 per 10 years, 95% CI 1.03-1.24), baseline eGFR (0.69 per 10 units, 0.65-0.73), presence of diabetes (3.66, 2.97-4.51) and vascular disease (1.67, 1.32-2.10) independently predicted incident CKD (Table 3 ). The c-statistic for this model was 0.81, indicating good discrimination. Race and ethnicity were not independent predictors of incident CKD in this cohort. In order to test whether there was a systematic difference in patients who had insufficient creatinine measurements to meet the incident CKD definition, we performed a sensitivity analysis, requiring just a single final eGFR <60 mL/min/1.73 m 2 to define incident CKD. In this analysis, the incidence of CKD was higher (10.2%), but there was no significant difference in any of the associations in bivariate or multivariate testing.
Predictors of eGFR at baseline and of the change of eGFR over time are shown in Table 4 . The intercept values represent the within sub-group difference in baseline eGFR. The slope values represent the rate of change of eGFR over a 6 month time interval, where a negative number represents a decline in kidney function. African American race, Hispanic ethnicity and presence of diabetes were associated with higher eGFR at baseline. Older age and female sex were associated with lower eGFR at baseline. However, none of these factors was independently associated with the eGFR slope.
Figures 2 and 3 represent model-based estimates of the eGFR slopes, created by using the intercepts, slopes and duration of observation from the models to construct the graphs. For patients who did not have diabetes or vascular disease at baseline, an eGFR decline of 1.52 mL/min/1.73 m 2 per year was observed (Figure 2 ). Presence of diabetes at baseline was associated with an additional decline of 1.38 mL/min/1.73 m 2 per year, resulting in an overall decline of 2.9 mL/min/1.73 m 2 per year. Although the presence of vascular disease alone at baseline was not significantly associated with a worsening decline in eGFR, the combination of both diabetes and vascular disease resulted in an additional decline of 0.62 mL/min/1.73 m 2 per year with an overall decline of 3.52 mL/min/1.73 m 2 per year ( Figure 3) .
In an attempt to assess the impact of blood pressure control on our findings, we conducted a secondary analysis in the 528 individuals (5.1% of the original cohort) who had blood pressure readings at the time of their entry into the cohort. In this small sub-group, baseline systolic blood Data are presented as mean (SD) or n (%). eGFR = estimated glomerular filtration rate.
pressure was not a statistically significant predictor of incident CKD. However, each increase of 10 mm Hg in systolic blood pressure resulted in a decline of 0.29 mL/min/ 1.73 m 2 in eGFR per 6-month period (P = 0.09). Inclusion of blood pressure in the multivariate models did not alter the findings of the main analysis. Data are presented as mean (SD) or n (%). eGFR = estimated glomerular filtration rate; CKD = chronic kidney disease.
Discussion
Within a large community-based, racially and ethnically diverse sample of hypertensive patients with normal or near normal kidney function at baseline, diabetes was the strongest predictor of incident CKD and resulted in a more rapid decline in kidney function than in non-diabetics. In addition, the combination of diabetes and vascular disease at baseline was associated with even more rapid decline in eGFR than diabetes alone. Contrary to previous literature, we did not find differences in rate of decline in kidney function by race and ethnicity in a group of diverse patients with similar access to care and socioeconomic status. In the current study, the rate of decline of kidney function in patients without diabetes or vascular disease at baseline was greater than the expected 1 mL/min/1.73 m 2 that is widely considered to be the "normal" decline in kidney function with age [10] . This decline is also greater than what was found in the Baltimore Longitudinal Study of Aging [6] (0.75 mL/min/year) in a European study of patients with existing CKD (1.03 mL/min/1.73 m 2 per year) [13] and an elderly Canadian community-based cohort with CKD at baseline (0.8 mL/min/1.73 m 2 for females and 1.4 mL/min/1.73 m 2 per year decline for males) [14] . However, slopes for diabetic patients were similar in our study to the slopes reported by Hemmelgarn and colleagues (2.9 mL/min/1.73 m 2 vs. 2.7 mL/min/1.73 m 2 per year, respectively) [14] . It is conceivable that the apparent discrepant results among the published studies [6, 13, 14] and our analysis are due to the fact that the patients included in this cohort were all hypertensive, had a higher burden of comorbidities and were of a lower socioeconomic status. Two prior studies have assessed predictors of incident CKD. In an analysis of the Atherosclerosis Risk in Communities (ARIC) and the Cardiovascular Health Study (CHS) datasets, Kshirsagar et al. developed a prediction rule to predict incident CKD [15] . Contrary to our results, these investigators found white race to be associated with incident CKD. Other independent predictors of CKD in this study included age, female sex, diabetes, hypertension, cardiovascular disease, peripheral vascular disease, anemia, congestive heart failure and low high-density lipoprotein. This analysis was limited by (i) a shorter follow-up of the African American sub-group, (ii) using only a single eGFR <60 mL/min/1.73 m 2 to define incident CKD and (iii) failure to perform analysis on eGFR decline.
Fox et al. assessed a subset of the Framingham cohort with normal kidney function at baseline that attended two examinations 10 years apart [16] . Their primary outcome was development of CKD defined as a single eGFR <59.25 mL/min/1.72 m 2 for women and 64.25 mL/min/ 1.72 m 2 for men. In their multivariate model, they found age, presence of diabetes, BMI (body mass index), smoking, baseline eGFR and male sex to be associated with incident CKD. The study population was predominantly white, so they were unable to assess the effect of race/ethnicity on the development of CKD. Slope at baseline when covariates = 0 (e.g. white, male, age 55, no diabetes or vascular disease). Fig. 2 . eGFR change over time in patients without diabetes or vascular disease. Fig. 3 . eGFR progression for reference group (no diabetes or vascular disease), presence of diabetes, vascular disease, and both diabetes and vascular disease.
African Americans have an incidence of ESRD 3.6 times greater than non-Hispanic whites [3] although their prevalence of CKD in the USA is similar [1, 17] . This discrepancy has been attributed to a faster decline in kidney function in African Americans with existing kidney disease [17] . Furthermore, Latino individuals represent the largest minority group in the USA and have 1.5 times higher rates of incident ESRD than non-Hispanic whites. However, data on rates of progression in this group are scarce [18] . To our knowledge, this is the first study to look at rate of decline of eGFR over time in a hypertensive, racially and ethnically diverse community-based sample with normal or near normal kidney function at baseline. Our findings that race or ethnicity is not associated with incident CKD or decline of eGFR from normal kidney function suggest that the increased incidence of ESRD observed in these populations is due to factors that occur after the onset of CKD. In this regard, Hsu et al. demonstrated that the incidence of CKD was not higher in African Americans when compared to whites but that African Americans with CKD presumably progressed to ESRD at five times the rate of whites with CKD [17] . Peralta et al. demonstrated that Latinos with CKD had nearly a 2-fold risk of developing ESRD when compared to whites with CKD [18] . Finally, differences observed between studies may not account for important differences in access to health care, the quality of care for individuals with hypertension or for important comorbid health conditions such as diabetes or vascular disease, which may accelerate the decline in kidney function.
An important strength of our study was our inclusion of all three major racial/ethnic groups in the USA. Another advantage of our study was the requirement that the development of CKD be persistent for at least 3 months (NKF/ DOQI definition of CKD). In addition, we included an assessment of the rate of decline of eGFR that has not been previously reported for individuals with normal kidney function at baseline. Thus, assessing progression by rate of change of eGFR over time allows for more complete assessment of the risk factors for progression [19] , not just those who achieve the dichotomous primary outcome of incident CKD.
This study has a number of limitations. First, we relied on estimating GFR from the MDRD study equation rather than using a direct method of measuring the GFR. Our study relied on laboratory values measured in routine clinical care so that a direct measure of GFR (mGFR) was not possible. In addition, the MDRD study equation does not perform as well at higher levels of GFR [20] and may have resulted in inaccuracy in classifying patients. Despite these concerns, the MDRD estimating equation is recommended for use by the NKF/DOQI guidelines and is the most widely used prediction equation in clinical practice. In addition, because estimating equations are derived from cross sectional data, there is some concern about the ability of estimating equations to assess changes in GFR over time. Xie et al. evaluated the performance of the MDRD study equation to assess eGFR slope when compared to a direct mGFR. They found that the MDRD eGFR underestimated the slope decline by 28%, but none of the tested clinical variables predicted a systematic difference between mGFR and eGFR slope [21] . Therefore, using the MDRD equation may have led us to underestimate the eGFR slope, but it was unlikely to affect the predictors associated with more rapid decline in GFR.
Second, the use of creatinine values measured in routine clinical care can result in systematic bias. Patients with more comorbidities are more likely to be engaged in the medical system and may have more frequent laboratory monitoring than their healthier counterparts. In addition, patients who were demonstrating a decline in kidney function may have received more measurements of serum creatinine. Third, we were unable to assess the severity of hypertension in our patients in our registry due to incomplete pharmacy data and limited blood pressure data. Other limitations include inability to control for use of antihypertensive medications, variability of duration of follow-up within the cohort and restriction of our analysis to patients with hypertension which did not allow assessment of the impact of hypertension on the development of incident CKD as we did not have a comparator group without hypertension. It also likely led to estimates of eGFR slopes that are steeper (more negative) than one would expect for patients without hypertension.
In conclusion, we found diabetes to be the strongest predictor of both incident CKD and eGFR decline in a diverse cohort of hypertensive patients from an inner-city, integrated delivery system. In addition, we found no difference by race/ethnicity in rates of incident CKD or in decline of kidney function. The presence of vascular disease at baseline in patients with diabetes was additive. Our findings suggest that efforts to prevent the development of CKD should focus on awareness of risk factors for diabetes and vascular disease. Further work on preventing the development of and slowing the progression of kidney disease in hypertensive patients is necessary.
